Introduction 1
The long-term interactions between CO 2 , temperature and sea level are 2 a topical issue in climate science. Recently, there have been a number of at-3 tempts to quantify these interactions by studying data from paleo archives.
4
For instance, CO 2 data of Antarctic ice cores and sea level reconstructions 5 from Red Sea sedimentary archives show a close linear correlation over the 6 past 516 ka (Foster and Rohling, 2013 
48
We interpret our simulated CO 2 by studying the long-term relation be-
49
tween CO 2 and global surface air temperature in our model, known as Earth
50
System Sensitivity (ESS), which is affected by the interaction between ice 51 sheets and climate. In addition, we test the sensitivity of our CO 2 simula- 
64
We use a recently developed coupled climate-ice sheet model (Stap et al., 66 2014). In this coupled set-up, the climate component is represented by a zon-67 ally averaged energy balance climate model, developed by Bintanja (1997) 68 based on the model of North (1975) . This climate model is tested for sensi-69 tivity to some important parameters in Bintanja (1997 Clausius-Clapeyron equation:
where R is the radius of the ice sheet. P 0 and R c are the present-day pre-99 6 cipitation and critical radius respectively. An insolation-temperature melt 100 equation is used to calculate ablation on the different ice sheets:
Here, α is surface albedo, and Q local radiation obtained from Laskar et al.
102
(2004) (Stap et al., 2014 
The first term on the right hand side is the observed present-day value of sheets is adopted (Cuffey, 2000) :
Here, β T and β Z are ice-sheet dependent parameters, that determine the in- 
The coupled model is run for 500 model years. Thereafter, as a second it-158 eration step Eq. 5 is applied again. The model is then run for another 500 159 years, using the updated CO 2 , but still forced by the same insolation. While 
244
Ocean pH can be calculated from the δ 11 B of the borate as follows: 
327
Dashed lines represent 400-kyr running averages.
329
Our simulation shows CO 2 concentrations of 300 up to 470 ppm during this 330 period (Fig. 4, red 
347
The relation between logarithmic CO 2 and global temperature perturbations in the set-up and derive CO 2 as a prognostic variable (Fig. 1, dashed to +20 m during the Late Pliocene (Fig. 6a, black line) . This corresponds 424 better to a recent multi-method proxy data reconstruction of peak sea-level 425 height (Miller et al., 2012 ) than our reference-run sea level (Fig. 6a, red line) . this time leading to a strengthening of the albedo-temperature feedback, we 431 expect to find lower Pliocene CO 2 levels. Indeed, Pliocene CO 2 levels are 432 reduced with respect to our reference (Fig. 6b) . The difference is at most 70 CO 2 is indeed also limited (Fig. 6c) (Fig. 6d) . Indeed, the CO 2 we simu-481 late during the Pliocene is generally higher than our reference experiment (on 482 average 8.4 ppm), and lower during the Pleistocene and Holocene (7.4 ppm).
483
The long-term averages differ maximally 23.4 ppm. The model uncertainty
484
imposed by the precise calculation of benthic δ 18 O is therefore modest. 7. We compare our model results to a compilation of CO 2 records obtained 495 from alkenones (Fig. 8a) , and from foraminiferal δ 11 B including this new 496 data (Fig. 8b) . (Fig. 9) . 
